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FOREWORD 


Thia  report  it  aubaittod  In  fulfillment  of  tho 
requirement*  of  Contract  AF49(638)-35l »  tho 
experimental  ion  rocket  prograa  being  conducted 
by  Rocketdyno,  a  Divialon  of  North  American 
Aviation,  Inc.  The  program  in  eponaoted  by 
Air  Force  Office  of  Scientific  Research,  Pro- 
pulaion  Research  Diviaion.  Thia  report  vaa 
reviewed  and  approved  by  R.  U.  Bodon,  Program 
Engineer. 

Principal  technical  contributor  include: 

A,  T.  Forreater,  R.  C.  Speiaor,  D.  J.  Kerriak, 
T.  A.  Coultna,  P.  E.  Schumacher,  J.  Hyman, 

N.  L. Swift,  and  A.  W.  Deveroux.  The  Technical 
Editor  waa  E.  V,  Cornell. 
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ADSTUACT 

The  purpose  of  thle  progrum  ia  to  gain  an  undor- 
•tanding  of  baeio  elootrical  propulaion  principles, 
propellant  proportion,  and  ionization  and  accelera¬ 
tion  technique*.  Experimental  atudiea  were  performed 
on  oontaet  ionization  ion  sources,  ion  acceleration, 
and  ion  bou  neutralization.  Small  re search- typo  de¬ 
vices  were  successfully  operated  in  ion  motor  configu¬ 
rations  to  verify  theoretical  analysis  and  to  inte¬ 
grate  asperimental  teats  on  components.  The  report 
diaousses  two  types  of  vacuum  systems:  a  bell  jar, 
and  a  small  stool  tank.  The  tank  operation  proved 
■ore  versatile,  and  two  working  variations  of  tho  de¬ 
vice  were  built  and  tested.  Instrumentation,  fabri¬ 
cation,  and  neutralisation  techniques  are  desoribod, 
and  future  work  is  outlined. 
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INTRODUCTION 

During  the  contract  year,  effort  van  do voted  exclusively  to  contact  (sur¬ 
face)  ionization  sources  utilizing  cesium  as  an  ovpillant.  Analytical 
considsrations  indicated  tho  suitability  of  this  typo  of  system  for  ion 
propulsion.  Calculations  of  tho  Interaction  between  ions  uml  neutral 
atoms  dictated  that  tho  cesium  be  delivered  to  the  ionizer  surface  by 
diffusion  through  a  porous  matorial .  The  several  ion  devices  utilizod 
in  the  experimental  program  wore  of  this  type. 

Delivery  of  cesium  to  an  ionizer  surface  from  the  downstream  aide  is  not 
feasible  because  of  the  excessive  scattering  of  the  beam  and  the  volt¬ 
age  breakdown  problems  that  would  occur  duo  to  the  relatively  high  do- 
livery  pressure  necessary.  Thero  would  also  be  excessive  loss  of  un¬ 
ionized  propellant.  Cesium  delivery  must  therefore  be  from  behind  tho 
ionizer.  The  requirement  of  very  low  neutral-to-ion  efflux  ratio  from 
the  ionizer  de*.rminea  the  use  of  a  very  fine  structure  ionizer  in  the 
following  manner: 

Consider  en  ionizer  having  raised  and  recessed  areas,  the  raised  areas 
being  oloser  to  the  accelerating  electrode.  The  buildup  of  space  charge 
would  prevent  ths  emission  of  ions  from  the  recessed  regions  because  the 
fields  would  not  penetrate  into  those  areas.  These  areas  would  then  con¬ 
tribute  only  neutral  cesium  atoms  to  the  total  efflux,  ^because  these 
areas  are  upstream  of  the  ion-emitting  areas,  the  cesium  concentration 
would  be  higher,  and  too  high  a  percentage  of  nn-ienized  propellant 
would  result. 

In  the  case  of  delivery  of  cesium  by  diffusion  through  a  porous  Material, 
calculations  were  made  of  Ion  aftd  neutral  atom  efflus  rates.  From  data 
presoutwd  in  Ref.  1  it  has  beeu  determined  that  to  prevent  the  excessive 
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•vspcraiion  of  noutrals  froa  a  tungat.cn  Ionizer,  it  ia  nocoaeary  to  main- 
tain  tho  oovorogo  of  the  aurfaeo  to  loaa  than  4  poroont  of  a  oomplota 
monatomic  layor.  At  temperatures  of  1600  K,  vory  largo  ion  curronta 
(80  «a/  cm**)  can  bo  obtained  vith  a  coverage  of  only  l/2  percent.  Tho 
problea  waa  attacked  by  calculating  who the r  diffuaion  of  ooaiua  over  the 
aurfaeo  of  the  tungatan  could  deliver  adequate  ceaiun  to  the  exposed 
aurfaces  froa  the  deeper-lying  aurfacea  If  the  coverage  difference  ia 
only  3.5  percent. 

The  rate  at  vhich  cesium  will  bo  delivered  to  the  l/2  percent  covorod  area 
froa  the  4  percent  oovered  area  dependa  on  the  aurface  diffuaion  oonstant 
and  on  the  geoaetric  relationship  of  the  two  arena.  A  diffuaion  constant 
extrapolated  to  1600  X  froa  lover  temperature  values  of  Taylor  and 
Langmuir  (Rof.  l)  for  ceaiua  and  tungsten  were  used.  It  waa  further  as¬ 
sumed  (for  simplicity)  that  the  aurface  had  the  form  of  a  checkerboard 
vith  red  squares  having  l/2  percent  coverage  and  raised  above  the  black 
squares  (which  had  4  percent  coverage)  by  an  amount  equal  to  the  side  of 
a  square.  For  this  situation ,  the  delivery  of  cesium  at  a  rate  adequate 
to  provide  80  ma/cm  from  the  red  squarea  requires  that  the  square  size 

be  not  more  than  10  ^  cm.  If  the  assumed  surface  is  regarded  as  an 

-4 

approximation  to  the  surface  of  a  porous  material.  10  cm  can  be  speci¬ 
fied  as  a  maximum  pore  size  and  pore  spacing.  This  size  appears  to  be 
easily  achievable  vith  available  techniques.  Further  calculations  indi¬ 
cated  that,  for  a  l/l6  in.  thickness,  this  pore  size  will  provide  on 
adequate  throughput  of  ceaiua  vith  a  pressure  difference  of  the  order 
of  1  mm  of  mercury.  To  achieve  this  pressure,  it  viu  be  necessary  to 
maintain  tho  cesium  reservoir  at  a  temperature  of  273  C.  The  average 
ion  current  density  from  the  ionizer  under  these  conditions  would  be 
40  nn/em®. 
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Aae'«aing  th*»,  the  porous  ionizer  radiates  »■  a  black  body,  tho  power  re¬ 
quired  for  tho  imlzsr  hasting  was  compared  witli  power  which  must  bo  used 
ta  eccoloreto  tho  lone.  The  block  body  radiation  ia  actually  an  uppor 
limit  to  the  pewsr  radiated  bocaueo  the  enieaivity  of  tho  aurfooo  aunt 
be  loaa  than  unity,  and  because  the  accelerator  will  servo  as  a  hoot 
shield.  This  calculated  loss  may  well  bo  as  much  as  five  times  too  high. 
At  1200  K,  the  black  body  radiation  is  12  w/cm®.  If  we  aocolorato  tho 
available  ion  current  (0.4  ma/cm**)  through  15,000  v,  6  w/cm®  is  doliverod 
to  the  boa*.  At  higher  temperatures,  the  situation  becomes  much  more 
favorable.  At  1500  K,  black  body  radiation  increases  to  29  v/cm  ,  but  if 
the  available  ion  current  (28  ma/cm®)  la  accelerated  through  15,000  v, 
the  power  into  the  ion  beam  ia  420  w/cm  .  I 

Consideration*  of  electron  bombardment  of  the  ionizer  by  electrons  pro¬ 
duced  by  photoelectrlo  emission,  thermionic  emission,  or  high  field 
effeote  at  the  aocolerating  electrode,  indicated  that  these  phenomena 
oould  be  negligible. 

Due  to  the  lew  opeeifie  charge  of  cesium,  direct  electrostatio  accelera¬ 
tion  wae  found  meet  suitable  in  the  early  experiments.  This  was  later 
modified  to  an  accelerate -decelerate  system  ia  anticipation  of  neutraliza¬ 
tion  of  the  ion  beam  with  eleotren  emitters  near  the  exit  aperture.  The 
accelerato-doeelerate  system  prevents  the  beam  neutralizing  electrons  from 
getting  back  te  the  ioniser  and  alee  el  lews  somewhat  higher  space-charge, 
limited-current  densities  In  the  sceeleratieu  gep. 
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Initial  uipuriaonlnlioti  wan  performed  in  a  bell  jar  vaouiua  svst  Itich 
perforeud  satisfactorily  fur  niaplo  configuration*  »t  Modern:..  voltages, 
but  proved  inuonveniont  for  Moro  advanced  devices.  In  February  1959, 
too  to  were  otarted  in  the  Muro  versatile  8-iu.  tank  fuel*  ty  and  the  tooto 
havo  continued  to  Uu>  present. 


BELL  JAR  OPERATIONS 

% 

In  the  firot  aurfaoe  ionization  lent*,  cesium  was  diffused  through  a 
l/8-in. -thick,  l/2-in.-dia,  porous  graphite  ionizer  in  tho  apparatus  in 
Fig.  1  and  2.  A  porous  tungsten  ionizer  van  also  used  in  this  configura¬ 
tion.  Representative  data  ate  presented  in  Fit;.  3  and  4. 

It  nay  be  noted  that  the  reservoir  te*i|>cralure*  recorded  are  much  too  low 
to  provide  oufficient  cesium  vajior  pressure  and  flowrale  to  sustain  the 
currents  Measured.  The  the  tea t  isolation  of  the  reservoir  from  the  ionl- 
ter  region  was  net  adequate  and  Ute  cesium  was  heated  by  radiation  and 
conduction  down  the  delivery  tube  lieu  ling  tlu-  surface  of  the  ceaiua  in 
the  reservoir.  This  was  corrected  iu  later  tests  b>  tho  ioelusiou  of 
radiation  shielding  inside  thinner-vul t«d  delivery  tubes. 

r 

The  shapes  of  tho  curves  of  Fig.  3  are  as  espeeted  for  space-charge- 

iM 

Ituited  and  tcMperaturo-llatlsd  operation.  The  current  variea  «*  V 
for  high  Ioniser  te«peraturee  and  low  accelerating  voltages.  The  gradual 
breaks  in  the  curves  to  tSMperature-llmited  values  are  due  te  the  fact 
that  the  current  can  bo  space  charge  Halted  in  the  center  of  the  aper¬ 
ture  and  Isapsrotufs  limited  in  the  peripheral  area.  Since  operation  «t 
higher  trsiperatureo  was  still  partially  spues  charge  United,  it  was  de¬ 
cided  U  go  te  higher  current  density  handling  capacity  configuration*. 
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Accordingly,  a  slit-shaped  source  l/ 8  In.  wido  and  2  in.  long  utilizing  a 
poroua  nickel  ionizer  vaa  looted.  Operation  was  not  ouocoooful,  and 
later  examination  disclosed  that  the  poroe  had  cloaod.  Anothor  niokol 
ionizor  vaa  tooted  with  similar  reaulta.  Tito  reason  for  the  looa  of 
porosity  was  not  oloar,  and  the  uao  of  nickel  as  an  ionizur  material  was 
discontinued. 


EIGHT-IN.  TANK  OPERATIONS 

The  vacuum  tank  ia  a  stainless  steel  cylinder  8  in.  in  diameter  and  2  ft 
long  (Fig.  5  and  6).  The  tank  is  evacuated  through  a  4-in.^  gate  valve 
and  a  liquid  nitrogen  cold  trap  region  by  a  300  liter/seo,  tliree-stago 
fractionating,  oil  diffusion  pump. 

The  diffusion  pump  has  a  valer-cooled  baffle  at  its  inlet  And  is  backed 
by  a  7-liter/aec,  two-stage  mechanical  pump  also  used  for  roughing.  TUo 
diffusion  pump  is  water  cooled  and  It  has  ait  auxiliary  cooling  coil  on  the 
boiler  to  aKow  feet  cooling  on  shutdown.  Its  speed  drops  to  100  liter/ 
sec  at  10  smi  tig.  To  provide  fer  both  monitoring  of  pressure  and  trouble 
•hooting,  there  are  ten  gagee  la  the  main  tank  and  la  the  liquid  nitrogen 
trap  region. 

Doth  end  plates  of  the  tank  are  removable,  and  ion  sources  and  collectors 
are  direetly  mounted  on  end  plates  which  can  then  be  attached  as  desired. 
In  addition  there  are  three,  t-ia.-dia  ports  for  viewing  er  instrumenta¬ 
tion.  two  are  at  90  deg  end  6  in.  from  the  ends  et  the  tank,  and  the 
third  Is  in  the  middle  of  the  tank  at  a  h3  det»  angle.  The  tank  ia  wrapped 
with  cooling  liaee  to  increase  its  power  handling  capacity. 

Experimentation  wae  switched  te  the  *«ln.  tank  as  soon  as  it  was  eperabie. 
The  first  device  operated  was  designated  8AMHY  (Fig.  7  end  h).  It 
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Figure  6.  Schematic  of  8  Inch  Tank 
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Figure  7-  SAMMY  Device 


Figure  6.  Schesatic  of  SAM MX  Device 
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featured  a  l/2-in.-vido  by  2-in. -long  graphite  ionizer  clumped  to  a 
molybdenum  box  with  a  platinum  gasket.  Tlio  heater  was  a  Q.0<>0-in-diu 
tungsten,  hairpin  filament  Mounted  inside  the  box.  A  heater  on  the 
reservoir  assembly  and  a  squirt  tube  on  the  vaporizer  block  aiiowod  temp¬ 
erature  control  of  the  cesium  delivery  prossuro.  The  whole  source  was 
operated  at  high  positive  voltage  and  insulated  by  tho  uso  of  a  section  of 
pyrox  pipe  as  the  mounting  system. 

The  aeeslerate-decslerate  configuration  was  used  in  this  and  succeeding  runs. 
Ssveral  partially  successful  runs  were  made  with  ion  currents  up  to  6. j  na 
being  measured  at  ths  collector.  The  graphite  ionizer  had  to  be  replaced  duo 
to  cracking  of  tho  graphite.  Thie  was  attributed  to  an  interstitial  soaking 
up  of  ths  cesium  by  the  graphite  with  consequent  swelling  and  cracking.  The 
use  of  graphite  has,  for  the  tine  being,  been  abandoned. 

It  was  docided  early  that  the  temperature  control  led  cesium  delivery  system 
did  not  afford  tine  enough  control,  and  a  second  device,  designated  Cl'  t. 
was  developed.  CHARLIE  featured  a  needle  valve  in  the  cesium  supply  1,  ■. 

With  this  source,  a  poreus  tungsten  ionizer  was  used,  and  because  of  fabri¬ 
cation  difficulties,  initial  running  was  carried  out  with  a  circular  geometry 
Tho  ionizer  was  )/l6  in.  in  diameter  and  welded  Into  the  end  of  a  molybdenum 
tube  with  an  external  heater  filament  (Fig.  *>  and  Ui). 


Tho  CHARLIE  unit  provided  data  from  several  good  tests.  Some  represeutati vo 
data  is  presented  in  Fig.  11  and  12.  Figure  U  shews  the  variation  of  the 
collector  and  ether  currents  viU.  the  potential  of  the  ionizer-f ield  shaping 

electrode  assembly  (<J>  ).  The  accelerating  electrode  (  •&.)  was  held  at  2.d 

p  n 

kv  negative  potential.  Seme  of  the  total  current  from  the  ionizer  was  inter¬ 
cepted  by  the  accelerating  electrode  and  the  grsund  elec trede--the  latter 

dropping  to  sero  as  0  was  Increased.  The  current  intercepted  by  the 

P 

accelerating  el«e trade  passes  through  a  minimum  as  increases,  indicating 
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Fiffur*  10.  Schematic  of  Modified  CHARLIE  Device 


Hgurf  II.  Various  Curreot-Vol tr^e  CharActeristicfl 


li £urt  12.  Accelerating  Systea  Ch«x*ct«ri*tic* 
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optimum  focusing  at  tho  point  for  tho  fixed  By  this  typo  of  tost  the 

focusing  properties  of  the  accolorate-doeelerafe  system  can  be  determined. 
Figure  12  shows  th®  variation  of  tho  collected  ion  beam  current  with  <5^ 
with  fixed  ratios  of  ^  to  as  parometers.  This  typo  of  test  also 
helps  determine  the  properties  of  the  accelerote-docelerate  system. 


The  4-ma  currents  obtained  correspond  to  current  densititea  of  30  ma/cm?  at 
on  ionizer  temperature  of  about  1500  K.  This  current  density  is  several 
times  that  needed  for  efficient  operation  of  ion  motors  at  that  tempera¬ 
ture.  The  12-kv  net  acceleration  potential  corresponds  to  an  exit  velocity 
of  1.3  x  107  cm/sec  giving  a  specific  impulse  of  15,000  sec. 


Small  biasing  voltages  on  the  collector  caused  large  changes  in  the  meas¬ 
ured  collector  current  as  shown  in  Fig.  13-  This  is  a  photograph  of  an 
oscilloocopo  trajo  with  current  as  ordinate  and  collector  biasing  voltage 
as  abscissa.  The  current  varied  from  1.3  to  4  ma  for  a  collector  voltage 
variation  from  -10  to  +10  v.  It  is  clear  that  bucIi  small  voltages  ;annot 
produce  appreciable  variations  in  the  trajectories  of  12-kv  ions.  Tho 
cause  of  these  current  variations  has  not  boen  definitely  assigned,  but 
they  may  be  due  in  part  to  secondary  electron  omission  at  the  collector, 
and  in  part  to  the  existence  of  slow  electrons  and  ions  throughout  tho 
volume  traversed  by  the  beam.  Tbeso  current  variations  emphasizo  tho 
necessity  of  auxiliary  measurements  on  tho  boom,  such  as  thrust  or  boom 
power  measurements  as  discussed  below. 

Oscillations  in  tho  beam  currontwore  obsorvod  at  froquoucies  around  100 
kilocycles  per  second.  The  frequency  suggostod  two  possible  mechanisms. 

It  is  tho  oorroct  froquenoy  for  ion  plasma  oscillations  corresponding  to 
tho  average  density  of  ions  botwoon  the  sourco  and  the  collector.  Tho 

‘J 

half  poriotl  of  the  oscillations  also  corresponds  to  tho  transit  timo  of 
tho  fast  ions,  Some  data  on  those  oscillations  aro  prosontod  in  Fig.  14. 
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QUENCY  (KILOCYCLES /SECOND) 


Figure  14.  Onoillfttion  Data 
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Tlio  oscillation*  could  bo  readily  quoucliad  by  raising  the  nogativo  volt- 
ago  on  tlio  aoootorating  electrode,  or  by  allowing  tlio  pressure  in  tho 
chamber  to  riso.  Under  no  condition*  wore  osoil lotions  obs|rvod  at  cur¬ 
rents  loss  than  1.2  mu  (corresponding  to  about  10  aa/caP  at  the  sourco). 

It  is  important  to  investigate  those  oso illations  thoroughly  and  to  deter¬ 
mine  whether  fdiey  are  inherent  in  this  type  of  ion  motor  operation  or  aro 
initiated  by  the  test  facility.  If  they  originate  in  tho  accelerate-de- 
celcrute  region,  for  instance,  then  it  would  be  necessary  to  determine 
their  effect  on  the  effioionoy  and  lifetime  of  the  motor.  If  they  aro 
due  to  a  cavity  resonance  effect,  depending  on  the  tank  dimonsions  or  tbo  ool- 
ieotor  location,  then  meana  of  eliminating  their  effoot  on  other  data  may 
be  found.  The  determination  of  the  sourco  of  the  osoillations  will  bo  pur¬ 
sued  concurrently  with  other  tests  in  future  runs.  A  grounded  fine  wiro 
grid  installed  in  front  of  the  collector  is  oxpoctcd  to  reduco  the  effect 
of  tho  two  current  variations  noted  on  olhor  measurements. 


EIGIIT-IN.  TANK  INSTRUMENTATION 
• 

Reservoir  temperatures  were  generally  obaorvod  with  iron/conatuntun  thermo¬ 
couples.  Ionizer  temperatures  wero  measured  with  a  platinum/ platinum- 
rhodium  thojTnooouple  or  with  an  optical  pyromoter  whore  the  view  was  un- 
obatruotod. 

Measurements  of  the  power  in  tho  bourn  wero  made  by  observing  tho  tempo rn- 
turo  riso  of  wator  circulating  at  a  moasitrod  fiowrato  through  a  copper 
cono  in  which  the  beam  was  collectod  (shown  schematically  in  i'lg.  2). 

Thoso  measurements ,  initially  made  with  thermocouples,  gave  satisfactory 
chock  with  *oro  bias'oolloctor  readings,  but  tho  indications  were  small 
jud  response  times  so  long  that  prooislon  was  poor.  A  much  lighter  cone 
was  constructed,  and  the  thermocouples  woro  replacod  with  resistance  liter- 
momotors  so  that  high  sensitivity  and  shorter  response  time  aro  now 
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avail ubl  o .  Calibration  provod  tho  dovioo  to  bo  adequately  linonr  with  a 
•onsitivity  of  l/2  w  in  the  0-  to  100-v  range  and  an  accuracy  of  l/2  per¬ 
cent  of  full  range.  The  range  can  be  pxtondod  by  reduoing  tho  rosistunco 
thermoaator  bridge  excitation  current,  or  the  sensitivity  can  bo  improved 
by  railing  tho  bridge  current. 

The  collector  ihown  in  Fig.  15  and  16  vaa  uaed  to  measure  the  thrust  pro¬ 
duced  by  the  ion  beams.  It  consists  of  a  grooved  graphite  boam-oollecting 
plate  and  a  capdcitive  displacement  transducer  mounted  by  pendulum  sup¬ 
ports  with  magnetic  damping.  For  a  4  ma,  12  kv  ion  beam,  the  thrust  should 
be  160  mioropounds — far  above  the  10-  to  20-micropound  noise  background  of 
the  measurement  system.  The  thrust  measurement  did  indicate  approximately 
this  level,  hut  varied  orratically  with  current  and  voltago.  Lack  of  ro- 
produoibility  of  these  measurements  is  attributed  primarily  to  the  osoilla- 
tione  previously  discussed  and  which  wero  discovered  subsequent  to  the  last 
use  of  the  thrust  measuring  device.  For  currents  of  the  ordor  of  1  urn,  tho 
collector  occasionally  showed  doflections  opposito  to  the  direction  cx- 
pectod.  This  wss  attributed  to  electrostatic  effects  expooted  to  bo  elim¬ 
inated  by  the  inclusion  of  the  fine  groundod  grid  in  front  of  the  collector. 


FABRICATION  TECHNIQUES 

A  continuous  problem  has  boen  the  leakproof  mounting  of. ionizers  to  the 
cesium  delivery  systom  in  such  a  yay  that  thoir  porosity  was  nob  affected. 
Graphite  ionizers  were  nickol  platod  around  their  peripheries  and  brnzud 
or  voided  into  position,  or,  in  thi  case  of  tho  SAMMY  device,  oinmped  in 
plaoo  with  a  platinum  gaskot.  Nickel  was  heliaro  voided,  and  tungsten 
was  hollarc  weldod  to  molybdenus  or  brazed  in  with  nickol,  Currently, 
a  spot-welding  technique  for  mounting  porous  tungsten  to  molybdonum  is 
bolng  pursued. 
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Figure  15*  Thrust  Measurement  Device 


lurrnent  Device 
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NEUTRALIZATION 

Following  tho  oloae  of  tho  period  covered  by  Uiia  report  but  prior  to  it* 
writing,  tli*  neutralization  of  an  ion  bows  was  euccoeafully  undertaken. 
Electrons  were  auppliod  by  a  thermionic  omitter  at  tho  neutral  electrodo. 
The  collector  current  neaaurenent  dropped  to  aero  while  the  oalorimotrio 
power  aeasurcaent  which  had  agreod  with  the  un-neutralizod  ion  current 
aeasurcaent  remained  unchanged.  This  bo ant  that  the  correot  ion  current 
wee  still  reaching  the  collector,  because  tho  power  delivered  by  tho 
electrons  would  be  negligible  compared  to  that  of  the  12  kv  energy  iona. 
This  teat  was  node  at  the  end  of  a  brief  run  which  had  to  be  terminated 
because  of  high  voltage  difficultiee  vaulting  from  too-alose  spacing  of 
the  field  shaping  and  accelerating  electrodes.  More  thorough  testing 
under  stable  operating  conditions  ii  scheduled  in  the  insediato  future. 
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IXiring  till*  period,  it  ha*  been  ascertained  tlmt  curronk  dunaitiea  ua  largo 
as  30  ■a/CB  can  be  obtained  at  1500  K  from  a  poroua  tungaten  iouizoi*. 

Till ■  ia  in  accord  with  expoctationa,  and  ie  more  than  adequate  tor  offi¬ 
ciant  ion  motor  operation.  TUero  baa  alao  been  evidence  that  the  simple 
expedient  of  appropriately  poeitioniug  a  Uicraionic  electron  emitter  ia 
adequate  for  neutralisation. 

Several  important  problems  remain  to  be  attacked.  It  muat  be  aacertained 
that  the  efflux  of  neutral  ceaium  ia  small,  compared  to  the  ion  afflux. 

For  thia  purpoae,  a  hot  wire  detector  will  be  uaed.  Tbia  conaiata  of  a 
hot  tungaten  wire  with  a  aui table  col  Unction  ay* ten  direotod  toward  the 
aource,  and  it  detecta  neutral  ceaium  atoms  by  ionizing  then  and  collect¬ 
ing  the  poaitive  iona  formed.  Another  planned  test  ia  the  comparison  of 
the  weight  loss  of  the  cesium  reservoir  with  the  total  integrated  curront 
tor  an  exteuded  run. 

Electrode  geometry,  beam  focusing,  and  neutralization  atudiea  will  con¬ 
tinue  with  emphasis  on  extended  and  iterated  ionizer  configurations. 
Fabrication  techniques  are  an  important  problem  for  the  larger  ionizers 
and  are  currently  being  pursued.  The  possibility  of  obtaining  wire  in 
the  micron  sice  range  and  of  fabricating  Ionizers  out  of  this  wire,  or 
of  using  finely  etebad  films  of  tungsten,  are  under  investigation. 
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